Task Name: PS2 Beam Instability R&D

PS2 will be a high-current synchrotron with circulating beam current up to 2.5 A and peak current of 12…25 A depending on the bunching factor. Preliminary estimates suggest that an impedance reduction of a factor 2 or better compared to the present PS vacuum system is required to maintain beam stability. This is not a trivial improvement.

We propose a study of this issue including the following steps:

Perform a first estimate of single-bunch instabilities in the PS2 reference design. Parametrize against vacuum chamber properties. This includes vacuum chamber impedance estimates based on first guesses at the vacuum chamber properties (dimensions and material). 

Build an impedance model of the PS2 vacuum system using the best available guesses for the vacuum system and the best available data for the rf cavities (based e.g. on the FNAL Booster cavity unless a better model is available). Estimate single-bunch growth rates and characteristics of instabilities for these conditions. 

The frequency spectrum of the RF system impedance is unknown at this time, however, guesses at transverse and longitudinal modes may be made based on the FNAL Booster cavity. Analyze  LLRF feedback topologies for the fundamental cavities. Investigate noise sources and mitigation. A 2nd–harmonic rf system is envisaged for PS2, the impedance spectrum of which is also necessary to include in the estimates.

Once an impedance model has been created, simulations and/or analytic estimates will be used to estimate the instability growth rates for both single-bunch instabilities and coupled-bunch instabilities. Depending on the impedance model, issues like self-bunching of the beam at higher frequency shall be studied.

This task will naturally lead towards design aspects of the vacuum system. Impedance questions have to be balanced against eddy currents created during ramping of the PS2. HOM damping may not be required due to the long bunches, but this should be checked. Impedance spectra of components with varying apertures (bellows etc.) will be evaluated. Likewise we will collaborate with the designers of the rf system, esp. the cavities.

Deliverable: Report (White Paper).
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